Expanded methods

Polonium-210 ingrowth
The long-lived 238 U (t 1/2 = 4.5 x 10 9 years) in the formation supports the activity of 226 (Figure 2A ).
Thorium-228 ingrowth
Initial experiments indicated that levels of thorium isotopes ( 232 Th, 230 Th, 228 Th) were negligible.
Yet, over time the levels of 228 Th steadily increased. In this sample, 228 Th is supported by 228 Ra and its ingrowth can be modeled on a transient equilibrium model ( Figure 2B ). Given that Th is generally insoluble in environmental waters (Kumar et al. 2013) years) that allows for a chronometer that may be used within a matter of weeks.
Uranium absent
In addition to Ra decay products, we investigated levels of 238 U, 235 U, and 234 U in the produced fluids. Although U is often analyzed by mass spectrometry, the method we developed provides the advantage of simultaneous determinations of multiple U, Po, and Th isotopes. Given the high level of 226 Ra ( 238 U decay product), we were surprised to find levels of U isotopes less than 5 mBq/L (n=4), which is nearly 5-log lower than the activity of 226 Ra (Figure 2 ). There are very few peer-reviewed reports of U activities in produced fluids; however, the notably lower levels of U compared to 226 Ra is similar to data from the PA Department of Environmental Protection (Barbot et al. 2013 ). Our analysis indicates there is a slight enrichment of 234 U compared to 238 U ( 234 U/ 238 U = 2.3), which is common in groundwater and indicative of daughter recoil (Osmond et al. 1983 ).
